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© A tool (10) for use in establishing a precise level 
line or plumbine or line for alignment uses a visible 
laser diode (24) for projecting the line. The tool is 
relatively small and compact drives the laser diode 
(24) using batteries (22) contained in the tool (10), 
and includes tilt compensation (50) for use on sur- 
faces which are not level, up to about 5* off level, 
for still delivering a truly plumb or truly horizontal 
beam. A manual selector device (14) is provided for 
shifting the beam from a vertical orientation to a 
horizontal orientation when desired. Specific forms of 
tilt compensation apparatus are disclosed. 
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LEVEL/PLUMB INDICATOR WITH TILT COMPENSATION 



The invention is generally in the field of hand 
tools, and is more particularly concerned with a 
hand tool for use in relatively precise plumbing and 
leveling operations, such as for use in carpentry or 
building layout. 

There have been a variety of survey and car- 
pentry tools which have employed lasers. For ex- 
ample, see U.S. Patents Nos. 3,897,637, 3,771,876, 
4.221,483 and 4,679.937. 

In U.S. Patent No. 3,897,637, there is disclosed 
a level and squaring tool utilizing a helium-neon 
laser for projecting a beam both vertically and 
horizontally. The device was not self-leveling and 
required manual leveling. It was rather large and 
required connection to an external source of power. 

Patent No. 3,771.876 was directed to a laser 
apparatus for producing a plane or conical optical 
reference surface. The device used a pendulum 
hanging from a flexible suspending member, with 
the pendulum containing the light source so as to 
be self-leveling. A double mirror or prism device 
was used for reflecting the beam out of the device 
90 degrees from the entry angle of the beam from 
the pendulum. The double mirror (sometimes 
called a pentaprism) device was fixed in the unit 
and allowed for changes in the angle of the ap- 
proach of the light beam from the pendulum. 

Rando Patent No. 4,221,483, assigned to the 
assignee of the present invention, discloses a laser 
beam level instrument using the principle of trans- 
lation of a lens which collimates a faser diode 
beam in order to compensate for small degrees of 
tilt in the instrument. Ihe collirnating lens is sus- 
pended as a pendulum and has the effect of main- 
taining the collimated beam in a truly vertical posi- 
tion providing self-leveling in a limited range of 
movement of the instrument. 

U.S. Patent No. 4,679,937, also assigned to the 
same assignee as the present invention, discloses 
a self-leveling battery-powered surveying tool The 
tool, which is designed to be set up on a tripod, 
provides a reference for leveling and alignment. 
The apparatus, which includes a laser diode as a 
light source for projecting a generally horizontal but 
non-planer cone of light from a reflecting cone, 
includes a tilt compensation arrangement reievent 
to the present invention. The reflecting cone is 
suspended by a wire having a controlled stiffness 
which allows the mirror cone to tip at an angle 
which is one-half the angle of tilt error of the 
instrument from true plumb. 

A contractor's tool for referencing a chosen 
elevation at a building site was marketed in the 
1970s as Model 840 Building Laser, by the as- 
signee of the present invention. The product also 



was capable of emitting a vertical beam. It had a 
helium-neon laser and was powered by an internal 
battery. The device was not self leveling. 

None of the devices or systems disclosed in 
5 these previous patents provided a tool that was 
capable of the level, plumb, and alignment func- 
tions of the present invention described below, 
particularly as embodied in a small package with 
onboard battery powering of a visable laser diode 
w and with a simple and reliable tilt compensation 
means. These are objects of the present invention 
as described below. 

The present invention achieves these objec- 
tives in a small and compact level, plumb and 
T5 alignment tool which may be approximately the 
size of a small carpenter's level. The compact 
housing of the tool holds batteries connected to a 
visable laser diode, the light output of which is 
processed by optics effective to compensate for tilt 
20 errors in the positioning of the tool on a surface, 
such as a non-lever section of floor. Preferably, the 
compensation means will effectively compensate 
for tilt errors of up to about 5 degrees, still projec- 
ting a beam from the tool in substantially true 
25 vertical or true horizontal orientation. 

Any of a number of types of compensation 
means can be used in the tool, but the compensa- 
tion means is most preferably one which is simple, 
easily calibrated, reliable, and providing a light 
30 beam whose origin is as close as possible to the 
bottom of the unifs housing. This is to assure that 
bottom reference marks or notches on the tool are 
subjected to as little error as possible from the true 
location of the vertical beam as a result of unit tilt. 
35 In a specific embodiment the compensation 

jneans may comprise a cantilevered two-axis flexi- 
ble band device, having separately controllable 
flexure stiffness in two different orthogonal direc- 
tions. A weight is suspended from the fiexible band 
40 device and the weight has obliquely mounted on it 
a mirror which receives a collimated beam from the 
las&r diode and redirects the beam to substantially 
true vertical orientation. The compensation device 
corrects for tilt of the instrument essentially by 
45 permitting the mirror surface to change angle ori- 
entation by about one-half the amount of tilt to 
which the unit is subjected. The compensation con- 
siderations are different for tilt in the plane of the 
beams incident and reflected from the mirror, ver- 
so sus tilt in a transverse plane. In the transverse 
plane more mirror tilt correction is needed, since 
the laser diode beam approaches the mirror from 
an oblique angle. 

Another, more preferred embodiment of the 
compensation means employs a wjre or rod of 
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uniform cross section in place of the two-axis flexi- 
ble band. -The- wire corrects for tilt in . the -plane of 
the incident and reflected beams; the shortfall In 
compensation in the orthogonal plane is compen- 
sated for by a negative cylindrical lens which in- 
creases the angular correction in this latter plane. 

Other types of compensation means may be 
used in the instrument of the invention, including 
lateral translation of a light source in response to 
tilt of the tool, using a lens which effectively re- 
verses the direction of tilt of the beam from verti- 
cal. A cantilever supported diode can be positioned 
beneath a fixed-position lens, with the divergent 
light from the diode collimated by the lens. When 
the diode translates in one direction from tilt of the 
instrument, a portion of its diverging light will stiil 
be collected by the lens and collimated, but in a 
compensating, reversed direction from the angle of 
tilt, thereby keeping the projected beam in true 
vertical. 

Cantilever supported lens arrangements can 
also be used for compensating for instrument tilt in 
this case, a second, fixed lens is required to re- 
verse the direction of correction effected by the 
first lens, which is a focusing lens. 

The suspension arrangements of the tilt com- 
pensator apparatus act as a shock absorbing 
means for the tool. This is particularly true where a 
weight or pendulum is supported on a flexure 
member from a cantilevered arm. The arm can 
bend elastically when the tool is dropped, absorb- 
ing the shock -without damage. 

A horizontal beam can be generated from the 
vertical beam in the tool of the invention, by using 
a penta prism or equivalent two-mirror deflector. A 
manual knob or other operator control can be in- 
cluded for use by the operator in positioning the 
deflector over the beam when a horizontal beam is 
needed. The horizontal beam will stay in substan- 
tially the true horizontal because of the compensat- 
ing means, in spite of tilt errors of the instrument 
within a limited permissible range. 

The projected light beam size is small enough 
to allow visible location of the spot center without 
the need of any special electronic detector, and 
large enough to avoid rapid spreading by diffrac- 
tion. For a useful working range of zero to ten 
meters, a beam size of 1 millimeter to 5 millimeters 
is preferable. 

The tool may also include an out-of-level in- 
dicator to indicate to the user when the tool is tilted 
beyond the useful range within which the com- 
pensator is effective. This may comprise a window 
with a frosted annular region. Alternatively a 
gravity-actuated switch may be included, for turn- 
ing off the laser and indicating to the user when the 
unit is too far out of level. 

Conventional level vials may be included in the 



exterior walls of the housing, to improve the utility 
of the . instrument and „to. eliminate the worker's 
need for a small level of the type ordinarily, carried 
in a tool box. The level vials are positioned in 

5 places where they will not mislead the operator to 
the impression that the instrument must be levet 
before it can be used. 

The tool may also include a time-on switch, 
which energizes the unit for a predetermined pe- 

10 riod of time whenever turned on by the operator, 
then shuts it off automatically. The housing can 
include a shutter to protect the laser beam exit 
window. 

It is therefore among the objects of the invent 

75 tion to provide a plumb, level and alignment tool 
which is small and compact, with onboard batteries 
powering a visible laser diode, which has effective 
tilt compensation within a useful limited, range and. 
which has other features assuring adequate accu- 

20 racy, ail in a tool approximately the size of a small 
conventional level. 

Other and further objects of the present inven- 
tion will be apparent from the following description 
and claims and are illustrated in the accompanying 

25 drawings which, by way of illustration,, show pre- 
ferred embodiments of the present invention* and 
the principles thereof and what are now considered 
to be the best modes contemplated for applying 
these principles. Other embodiments of the inven- 

30 tion embodying the same or equivalent principles 
may be used and structural changes may be made 
as desired by those skilled in the art without de- 
parting from the present invention and the purview 
of the appended claims. 

35 In the drawings 

Figure 1 is a perspective view of a compact 
tool in accordance with the invention for leveling, 
plumbing and alignment operations. 

Figure 2 is a -sectional view in elevation of 

40 the tool of the invention, showing the interior of the 
tool's housing and indicating beam optics, tilt com- 
pensation, function selection and onboard batteries 
within the tool. 

Figure 3 is a perspective view showing one 

45 form of tilt compensation system which may be 
corporated in the tool of the invention. 

Figure 4 is an elevation view in section 
showing a portion of the fool as illustrated in Figure 
2, with further details of one example of beam 

so optics and level compensation which may be in- 
cluded in the tool. 

Figure 5 is a plan view, somewhat schematic 
and In section, as seen along the line 5-5 in Figure 
4. 

55 Figures 6A through 6D show alternative 

forms of tilt compensation component structure for 
the apparatus shown in general in Figures 3 and 4. 
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Figure 7 is a schematic perspective view 
showing another form of tilt compensation with a 
movable laser diode. 

Figure 8 is a schematic elevation view illus- 
trating a further form of tilt compensation with a 
movable lens. 

Figure 9 is a sectional view showing a por- 
tion of a tilt compensation system having a modi- 
fication whereby an auxiliary reference beam helps 
visually locate the tool precisely over a point. 

Figure 10 is a schematic view in perspective 
showing a portion of a further embodiment of a tilt 
compensation system wherein a pendulum weight 
is supported by four wires. 

Figure 11 is a schematic view in section, 
illustrating another tilt compensation system similar 
to that of Figure 10, but with a tool locating feature 
as in Figure 9. 

Figure 12 is a view showing a modified form 
of tool housing which can include the tilt com- 
pensation systems shown in Figures 9 and 1 1 . 

Figure 13 is a schematic perspective view 
showing a further preferred form of tilt compensa- 
tion apparatus for the tool of the invention. 

Figure 14 is an elevation view of the appara- 
tus of Figure 13. 

In the drawings, Figures 1 and 2 show a 
level/plumb and alignment indicator 10 having a 
housing 12 generally in the shape of a small car- 
penter's level. A manually operable dial 14 prefer- 
ably extends from the housing 12 in a position to 
be rotated by an operator so as to select between 
the projection of a vertical laser beam 16 and a 
horizontal laser beam 18 from the tool. Also in- 
cluded in the housing 12 is a battery compartment 
20 containing a series of battery cells 22 which 
supply power to drive a laser diode 24. 

The laser diode 24 emits light in the visible 
range, which may be red light having a wavelength 
of about 600 to 680 nanometers. The light emitted 
from the diode 24 and indicated at 26 is divergent 
and is collimated by a convex collimating lens 28. 
In this particular embodiment, the collimated beam 
of light 32 is then reflected obliquely downwardly 
by a mirror 34 and then vertically upwardly by 
another oblique mirror 36 to project the vertical 
beam 16 from the tool 10. The mirror 36 may be 
called a final reflecting mirror (including in the 
claims), since it is the mirror that corrects the 
beam to true vertical (even though this vertical 
beam may be turned horizontal by further reflec- 
tors). 

If the horizontal beam 18 is desired,., as for 
leveling operations or some forms of aligning oper- 
ations, the manual dial 14 is rotated, counter-clock- 
wise as viewed in Figure 2, to position a pen- 
taprism or equivalent 45 * mirror pair 38a, 38b into 



the path of the vertical beam 16. This puts the 
mirror pair in the position shown in dashed lines in 
Figure 2, so that the vertical beam 16 reflects off 
the mirror 38a, then off the mirror 38b and then 

s horizontally out of the tool through a horizontal 
beam window 40 as indicated. 

When the beam is projected vertically, as for 
plumbing operations, the beam 16 emerges from a 
vertical beam window 42 at the top of the tool 10. 

w The mirror pair 38a, 38b preferably is mounted 

on the pivotabie manual dial 14 by appropriate 
fasteners 44, and the dial 14 itself is mounted for 
pivoting about a central axis 46 with respect to the 
housing 12. 

is Figure 2 also indicates battery connectors 45 

and a circuit board 47 with control electronics, 
connected to the battery connectors 45 and the 
laser diode 24. 

The housing 12 of the tool of the invention is 
20 compact, generally about the size of a small car- 
penter's level. Its overall length may be about 9 
inches. The housing's width may be about 1.7 
inches, (preferably less than 2 inches) and its 
height about 2.6 inches (preferably less than 3 
25 inches). As indicated in Figures 1 and 2, the man- 
ually rotatable dial 14 may be positioned on the 
side of the tool, although it could also be posi- 
tioned inside the housing with only an upwardly 
extending arc of the dial, as can be seen in Figure 
30 2, exposed. 

An important feature of the invention is its 
compactness and portability. As illustrated in Fig- 
ure 2, the battery cells 22 are contained compactly 
in the housing, and the use of the laser diode 24, 
35 as opposed to other types of lasers, saves a great 
deal of space and weight in the tool 10. In a tool 
designed for the uses of the present invention it Is 
a very important concern that the tool not be in any 
way cumbersome, unwleldly or difficult to use. as 
40 well as not being too large for a tool box or belt or 
garment type tool carrier. The present invention 
addresses all of these concerns in a small, efficient 
and accurate tool of relative simplicity. 

Another important feature of the invention is 
45 that the leveling, aligning and plumbing tool 10 
includes a self leveling or tilt compensation means 
so that, within a limited effective range, the tool will 
project a vertical beam 16 which is substantially 
truly vertical or a beam 18 which is substantially 
so truly horizontal, in spite of a lack of levelness of a 
floor or other surface on which a bottom face 48 of 
the housing is placed. As discussed above, any of 
several types of tilt compensation systems can be 
used, but a preferred tilt compensation arrange- 
55 ment is illustrated in the drawings. 

The tilt compensation apparatus, generally 
identified by the reference number 50 in the draw- 
ings, includes a frame 52 which is fixed to the 
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interior of the housing 12. The fixed frame 52 
supports the laser diode 24, the coiiimating lens 28 
and the first oblique mirror 34, ail in fixed position 
and orientation, tilt 

Further details of the self-leveling or tilt com- 
pensation system 50 are shown in Figures 3, 4 and 
5, which should also be viewed in conjunction with 
Figure 2. The frame 52 supports a gravity-respon- 
sive pendulum device 54 on which the oblique, 
vertically-reflecting mirror 38 is mounted. The tilt 
compensating device 54 has a generally horizontal 
cantilever plate 56 which, as shown in the draw- 
ings, may be fixed to the frame 52 by means of a 
screwed down bar or plate 58 which sandwiches a 
base end of the cantilever plate 56 against a top 
flange 60 of the frame. 

The cantilever plate 56 Is integral with a two- 
axis flexure band depending from the plate 56 and 
comprising an upper flexure band 62, bendable in 
the plane of the incident/reflected light beam 32, 
1 6, and a lower flexure band 64 which is bendable 
in an orthogonally transverse plane. The upper and 
lower flexure bands 62 and 64 preferably are in- 
tegral, although they could be secured together by 
appropriate fasteners, welding or adhesive. 

Connected to the lower end of the lower flexure 
band 64 is a weight or weighted platform 66 which 
may be, for example, of copper metal. To this 
weighted platform the oblique mirror 36 may be 
fixedly secured, as on an appropriately angled fac- 
et 68 of the platform as shown. 

Below the weighted platform 66 preferably are 
positioned a series of magnets 70 for magnetic 
damping of the motion of the pendulum asembly 
54, although other forms of damping such as air 
damping could be used as an alternative. As is well 
known, the magnets 70 in close proximity to the 
upper platform 66 will induce eddy currents in the 
copper 66 due to motion of the copper body 66 
over the magnets, and these currents will be com- 
pensatory to the direction of motion of the swinging 
pendulum, damping the swinging motion. 

In this preferred embodiment, the collimated 
beam of light 32 from the diode laser 24 and the 
coiiimating lens 28 is reflected obliquely downward 
from the mirror 34 toward the small mirror 36 
mounted on the pendulum assembly 54. As the 
base or bottom surface 48 of the tool 10 is tilted, 
the pendulum 54 tilts by a smaller amount depend- 
ing on the stiffness on the axis of the flexure band 
supporting the pendulum. Successful compensation 
for tilt depends on tilting the mirror 36 the correct 
amount for the degree of tool tilt. 

In the plane of the light beam, i.e. of the 
incident and reflected radiation 32, 16 with respect 
to the mirror 36, the mirror 36 must tilt an amount 
equal to half the tool tilt to ensure that the projec- 
ted beam 16 remains vertical. This is because in 



this plane, there is a two-to-one relationship be- 
tween light beam angular deflection and mirror tilt. 

However, in the plane perpendicular to the 
plane of the light beam, i.e. the plane of flexure of 

5 the lower flexure band 64, the mirror 36 must: tilt to 
a greater extent to maintain the light beam . 16 
vertical (depending on the angle of approach of the 
incident beam 32). The stiffness in each axis is 
determined by the flexure band dimensions. The 

w upper flexure band 62 bends substantially in the 

plane of the light beam, while the lower flexure 

band 64 bends substantially in the perpendicular 

dimension. In this perpendicular plane the light 

beam motion to mirror motion is s f, n 2 fl 

8 in a 

15 

where "a" is the angle between the incoming beam 
and the normal to the mirror. For example, the 
factor is 1.3:1 for a 30* included angle as com- 
pared to a 2:1 relation for the other axis or plane. 

20 In the embodiment an approximation is made 

to the effect that any tilt of the tool can be divided 
into two orthogonal directions, and that the cor- 
responding flexure band deflections are such that 
the projected beam remains substantially vertical. 

25 Therefore, the upper flexure band 62, in com- 

bination with the cantilevered plate 56, undergoes 
less gravity-responsive bending than the. lower flex- 
ure band 64. The flexure band 62 and horizontal 
plate 56 are calibrated, in conjunction with the 

30 remaining connected apparatus, to essentially re- 
spond in the two-to-one relationship mentioned 
above. 

The cantilevered horizontal plate 56, a thin 
sheet metal plate, is generally horizontal to allow 

35 shock mounting. Thus, a large, vertical acceleration 
will not strain this upper support 56 but will deflect 
the horizontal plate, causing it to fiex downwardly 
toward the magnets 70. 

For a brass flexure band/pendulum assembly, 

40 the cantilevered horizontal plate may have dimen- 
sions of about 0.2 inch in overhang x .003 x at 
least about .2 inch; the upper flexure band 62 may 
have dimensions of about .2 X .003 X .315 inch; 
and the lower flexure band may have dimensions 

45 of about .2 X »003 X .675 inch. The copper weight 
platform 66 may weigh about 6 grams. 

It is an important feature of this embodiment of 
the invention that the tilt compensation device 5ft is 
easily calibrated. To achieve the correct amount of 

so compensation in both axes,. I.e. in the plane of the 
incident and reflected beams 32, 16 and transverse 
to that plane, two adjustment are required. First, 
the out-of-plane compensation is adjusted by add- 
ing weight to the weighted platform 66. Second, . the 

55 in-plane compensation is adjusted by increasing or 
decreasing the amount of horizontal overhang, or 
the degree of cantilever, in the cantilevered plate 
56. This does not affect, compensation in the other 
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plane. With the compensation so adjusted, the final 
beam directing is accomplished by moving the lens 
28 relative to the laser diode 24. Other methods of 
calibration can include shifting some weight along 
the cantilever or adding weight along the cantilever 
or adding weight to the point where the two flexure 
bands meet, for example. 

As discussed above, when the tool 10 of the 
invention is to be used for a horizontal leveling 
function, the operator rotates the manually rotatable 
dial 14 (or other suitable lever or trigger or button, 
etc.) to a position where the mirror pair 38a, 38b is 
moved into the path of the vertically oriented beam 
16 within the tool, as illustrated by the mirror pair 
position shown in dashed lines in Figure 2. The 
mirror pair, with the mirrors 38a and 38b fixed at 
45* to one another, will always redirect the beam 
16 at 90* . i.e. horizontally as the output 18, regard- 
less of small variations in the actual position of the 
mirror pair, i.e. of the manual dial 14 about its axis 
46. It should be understood that the mirror pair 
could be positioned to redirect the beam 16 out 
through a side of the housing 12, i.e. either the left 
or right side, rather than through the front end 72 
as illustrated- Such an arrangement might be desir- 
able for certain applications of the tool and would 
require reorienting the dial 14 to rotate about a 
perpendicular axis to the axis 46 shown in Figure 2, 
or simply the mounting of the mirror pair 38a, 38b 
essentially in a plane at 90* to its plane of move- 
ment shown in Figure 2. 

It is important that the operator of the 
level/plumb tool 10 be able to conveniently sight 
some position reference marker in order to cor- 
rectly position the housing 12 of the tool over a line 
or point on a floor or other surface or to mark a 
point on the floor (or elsewhere) when the refer- 
ence beam has been located onto a distant refer- 
ence point. As shown in Figures 1 and 2, such a 
reference marker may comprise a notch 74 in the 
side of the housing 12 at the bottom of the tool, 
and the notch may traverse the entire width of the 
tool along its bottom. A similar notch 76, shown in 
Figure 1. may be provided at the bottom front of 
the tool, centered on the location of the beam 16 
as seen from the front end of the tool. 

It is very important for accuracy that the notch 
74 or other sightable reference marker be closely 
aligned with the actual position of the vertical beam 
16 in the tool 10. When the tool 10 rests on a 
surface which is perfectly level, this is not a prob- 
lem, the compensator device 50 being set up so 
that the beam 16 is centered directly over the 
notch 74 (and the notch 76). However, if the sur- 
face is substantially tilted, even within the permis- 
sable range of about 5* for which the tool 10 is 
designed, this will shift the alignment of the beam 
16 away from the reference markers due to the 



reorientation of the vertical beam 16 non-perpen- 
dicular to the bottom 48 of the tool, causing the 
apparent source of the vertical beam 16 to be 
shifted to a different position on the bottom of the 
5 housing. Thus, on such a substantial tilt, if the 
operator locates the reference notch 74 along a line 
on a floor, the actual location of the vertical laser 
beam 16 will be slightly laterally displaced. 

This error situation can be minimized by locat- 

w ing the reflecting mirror 36 as close as possible to 
the bottom of the tool, i.e. as close as possible to 
the reference mark 74. In preferred embodiments 
of the invention, the reflecting surface preferably is 
within one-half inch of the bottom 48 of the tool. 

is Therefore the maximum error in lateral shift 
that could occur due to mirror tilt within the limits 
of permissible operation of the tool would be one- 
half inch X tangent 5*. or about .044 inch. The 
error can be further reduced by moving the reflect- 

20 ing surface of the mirror 36 even closer to the 
bottom 48 of the tool, down to about one fourth 
inch or less from the bottom. This can be accom- 
plished, for example, by locating the reflecting sur- 
face of the mirror 36 at its bottom, by minimizing 

25 the thickness of the pendulum weight 66, and by 
minimizing the thickness of the bottom of the tool's 
housing, of the base portion of the compensator 
frame 52, of the damping magnets 70 and of the 
space between the magnets 70 and the pendulum 

30 weights 66. 

An alternative solution to this problem is to 
provide a viewing window in the side of the hous- 
ing, in lieu of or in addition to the reference notch 
74 shown in Figure 2. Such a viewing window, 

36 indicated in dashed lines at 77 in Figure 2. can 
reveal the position of an arrow or pointer 78 ex- 
tending from the bottom of the pendulum weight 66 
as indicated in Figure 4. The arrow 78 can reduce 
the error by about half, as compared to using a 

40 mark on the outside of the housing. A similar 
window 79 (Figure 1) can be located at the bottom 
front of the housing. 

It is important to prevent the user of the tool 10 
from obtaining an inaccurate plumb or horizontal 

45 line, by indicating to the operator when the com- 
pensator is out of its useful range, or by otherwise 
preventing the tool from being used when the 
housing is tilted to the extent that the weight plat- 
form 66 of the compensator is out of the region 

so within which an accurate plumb line can be gen- 
erated. 

In a preferred embodiment of the invention, this 
is accomplished by including . a frosted annular 
region 80 on the window 42 at the top of the tool, 
55 and a similar region 80 on the window 40 at the 
front end of the tool. When the tool housing is 
within the accurate region, which may be within 5* 
of level, the vertical beam 16 will pass through a 
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central clear region of the vertical exit window 42. 
When the housing is out of this useful range, the 
beam 16 strikes the frosted region 80 and provides 
a visual warning to the operator that the unit should 
not be used. The operator sees the visible beam 
being scattered by the frosted region 80, and he 
sees the strength of the projected vertical beam 16 
being weakened as the tilt error increases. 

For still larger angles, the user is prevented 
from using the device because no beam is projec- 
ted, being blocked by opaque regions around the 
window 42. 

The condition of being beyond the useful range 
of the tool can be indicated in another way. A 
gravity-actuated switch may be included, to turn off 
the laser and indicate to the user that the unit is 
too far out of level. A mechanical pendulum or 
steel ball rolling in a groove could also be used as 
an indicator of the out-of-range condition. 

Conventional level vials can be included In the 
tool 10 to improve the usefulness of the instrument 
and to replace a small conventional carpenter's 
level ordinarily carried in the tool box. Thus, a 
horizontal level vial 82 (Figures 1 and 2) may be 
included on or in a side of the housing 12 for 
conventional leveling operations. A vertical level 
bubble or vial 84 can also be included, oriented at 
90* as illustrated in Figure 2, so that the tool can 
be used for conventional plumb indication. The 
location of the level vials, particularly the horizontal 
vial 82, preferably is so as not to confuse the 
operator into believing that these vials must be 
used to level the tool 10 before using it in its laser 
beam functions. Therefore, the horizontal level vial 
82 may be positioned such that the level bubble is 
not visible when the tool is set up for laser beam 
plumbing use as indicated in the drawings, but only 
comes into view when the tool is laid flatly against 
a horizontal surface, i.e. turned over onto its side. 

The manual selector dial 14 (or other appro- 
priate manual selector device) preferably also 
serves to switch the tool on or off. Thus, as shown 
in Figure 2, the off position of the tool can be 
represented by the rotatable dial 14 in the position 
illustrated. A flat portion 86 can be included on the 
dial, visible from the side of the tool, to indicate the 
function to be selected. Thus, if the manual dial 14 
is rotated back, or clockwise as seen in Figure 2, 
the flat 86 is vertical, indicating a vertical function 
or plumbing function. When the wheel 14 is rotated 
in the other direction, the flat 86 will then be in the 
horizontal position, visually indicating a horizontal 
function, i.e. the projection of the horizontal beam 
18 through the front of the tool. 

Both of these movements preferably operate a 
switch to turn on the laser diode 24 (not shown). 

Preferably, the tool of the invention includes a 
time-on switch instead of a simple on/off switch. 



The time-on switch turns the unit on for a predeter- 
mined, fixed period, of time (e.g. 60 or 120 sec- 
onds). The switch then shuts off automatically' at 
the end ot this time period.. This feature has two 
5 beneficial effects. First, it will conserve the battery, 
and second, it will save operator time since the 
operator need not go back to the tool to turn it off 
after use. 

In the preferred embodiment, a shutter 92 pref- 

w erably is provided at each window 40 and 42, in 
order to protect the exit windows from scratches 
and dirt. To simplify operation, the shutter 92 can 
be mechanically coupled to the switch or manual 
dial device 14, so that the unit can be turned on at 

16 the same time the shutter is opened. 

Figures 6A through 6D show other embodi- 
ments of tilt compensation devices which can be 
used in accordance with the invention. In Figure 
6 A, there is shown a tilt compensator device 100 in 

20 which a wire or very small rod 102 of rectangular 
cross section is fixed to a frame component 104 at 
its upper end and to a platform 106 for supporting 
a mirror (such as the mirror 36, Figures 2 and 4) at 
its other end. The wire or rod 102 (shown not to 

25 -scale) is larger in one cross sectional direction, i.e. 
the Y axis shown in Figure 6A, than in the other 
cross sectional direction, i.e. the X axis in- Figure 
6A. The rod or wire. 102 is therefore stiffer in the Y 
axis direction than in the X axis direction, and a 

30 greater degree of pendulum swing will occur for a 
given tilt in the X direction than in the Y direction. 
By carefully selecting the cross section of the wire 
or rod 102, in combination with its length, and the 
weight or the weighted platform 106, correct com- 

35 pensation can be made both in the plane* of the 
incident and reflected beam (the Y axis direction) 
and in the transverse plane (the X axis direction). 

Figure 6B shows a tilt compensator device 108 
similar to that shown in Figure 6A. However, in this 

40 embodiment the wire or rod 110 is round in cross 
section, but eliptical or oval so that it has greater 
stiffness in the Y axis direction than in the X axis 
direction. 

Figure 6C shows another variation 112, wherein 
45 a pair of rods or wires 114, 116 are used to 
connect the frame member 102 to the depending 
pendulum weight 106. The wire gage, the spacing 
between the two wires 114 and 116, and their 
length, orientation and the weight of the weighted 
50 platform 106 can again be manipulated to achieve 
the correct degree of compensation in each of the 
X axis and Y axis directions. 

Figure 6D shows another embodiment of a tilt 
compensator device 116, wherein a curved or ar- 
55 cuate flexure band 120 is supported in generally 
horizontal orientation from a frame member 122. 
The mirror-supporting weighted platform 124 is at 
the other end of this arcuate thin flexure member 
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120. It can be seen that the dimensions of the 
flexure band 120 can be manipulated so as to 
provide greater tilt compensation in the X axis 
direction than in the Y axis direction, to correctly 
compensate for an obliquely approaching beam 32 
as illustrated in Figures 2 and 4. 

Rgure 7 shows another embodiment of a tilt 
compensation device 125 which may be included 
in the- apparatus oi the invention. In this embodi- 
ment a positive lens 126 is held in fixed position 
oven a laser diode 128 which is movable laterally 
with tiit of the tool 10, responsive to gravity. The 
laser diode 128 is supported at the upper end of a 
cantilevered generally vertical flexure rod 130, the 
lower, end of which is fixed into a portion 132 of the 
housing of the tool, or the portion 132 may be a 
base fixedly attached to the housing. 

In this embodiment, the laser diode's lateral 
shift under the force of gravity, due to tilt of the 
base 132 (and the housing 12 of the tool) causes 
the source of the laser light to be laterally shifted 
relative to the lens 126. Since the laser light from 
the diode 128 is divergent, and must be collimated 
by the fixed convex lens 126. the lens will have the 
dual effect of correcting the orientation of the verti- 
cally, projected beam 134 under out-oMevel con- 
ditions, and of collimating the light beam. The 
degree of lateral shifting of the diode 128, which 
responds to tilt, can be calibrated to precisely 
compensate for such tilt. The lens 126 reverses the 
direction of movement of the light source, i.e. the 
diode. 128, which is what is required to compensate 
for the tilt angle of the tool. When the laser diode 
128 shifts laterally under tiJt condition, some of its 
divergent light then escapes collimation by the lens 
126, so that a slightly different collection of the 
laser light is used to form the beam 134 when the 
tool is tilted. 

Rgure 8 shows schematically another embodi- 
ment of a tilt compensator 136 in accordance with 
the invention. In this embodiment, a laser diode 
138 is fixed in position on a housing portion 140 as 
illustrated, but a convex lens 142 above the diode 
is supported on generally vertical flexure support 
legs: 144 so as to be laterally movable in response 
to tilt of the tool. A fixed lens 146 is supported in a 
fixed position on a frame 148 above the lens 142, 
so as to collect the light from the lens 142 and 
collimate it into a truly vertical beam 150. As illus- 
trated in Rgure 8, the laser light image is reversed 
by passing through the first convex (positive) lens 
T42. The effect is that, as the first lens 142 moves 
in one direction due to tilt, the converging light 
emerging from the lens 142 tilts in the same direc- 
tion* that the lens 142 is tilting. The second lens 
T465 reverses the direction of this tilt to form the 
coilimated beam 15Q, and it is apparent that this 
apparatus t36 can be correctly calibrated to ac- 



curately compensate for out of level conditions of 
the tool. 

Rgure 9 illustrates a modification of the tilt 
compensation mechanism shown in Rgures 2 

5 through 5, and is also applicable to Rgures 6A 
through 6D. The purpose of the arrangement 
shown in Rgure 9 is to achieve still further accu- 
racy in the location of the tool with respect to a 
position on a floor or other surface, in spite of the 

io tool's being out of level by up to 5 degrees. 

Rgure 9 shows a portion 160 of a modified tilt 
compensation arrangement wherein a mirror 36a is 
mounted on a weight or pendulum 162. The mirror 
36a is a beam splitter mirror, reflecting most of the 

75 incident laser beam 32 upwardly as a truly plumb 
beam 16, but directing a small amount of the light 
as a downwardly directed locating beam 164 which 
is also truly plumb. Ihe beam 164 can be posi- 
tioned precisely on a spot 166 on a floor or other 

20 surface 168, or the spot 166 can be located and 
marked using the locating beam 164. 

The beam splitter mirror 36a transmits a small 
portion of the incident light 32, which strikes an 
auxiliary mirror 170 behind the mirror 36a. The light 

25 reflected back from this mirror 170, as illustrated in 
Figure 9, is reflected off the back side of the beam 
splitter mir 36a, to become the plumb locating 
beam 164. 

It should be understood that the arrangement 
30 shown in Rgure 9 can be used in place of the tool 
locating notches 74 and 76 and in lieu of the 
viewing windows 77 and 79, provided th. bottom 
front portion of the housing 12 is cut away to allow 
visual access to the locating beam 164. 
35 Rgures 10, 11 and 12 show further embodi- 

ments of a beam compensator assembly 172 in a 
modified form of tool 174 according to the inven- 
tion. Rgure 10 shows a weighted pendulum 176 
suspended by four wires 178, below a frame or 
40 housing plate 180 into which a threaded stop mem- 
ber 182 is screwed. Portions of the plate or frame 
member 180 are removed in Rgure 10 for clarity. 

As can be seen from Rgure 10, the four-wire 
support allows the needed difference in compensa- 
tes tion in the two orthogonal directions, for vertical 
reflection by a mirror 184. The tilt of the weighted 
pendulum 176 due to gravity in the plane which 
includes the two mounting screws 186 can be 
greater than the gravity tilt in the other direction, 
so approaching one-to-one (again depending on the 
angle of mounting of the mirror 184). However, in 
the orthogonal vertical plane which includes the 
mirror 184, the gravity-responsive tilt will be less, 
due to the arrangement of the suspending wires 
55 178. The position of wires 178 and the manner in 
which they are connected to the pendulum 176 can 
be controlled and calibrated so as to accurately 
correct for any tilt within the permissable range 
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(e.g. 5 degrees). 

The top number 1 22 passes through a central 
hole 188 in the pendulum, restricting only exces- 
sive motion of the penulum under conditions of 
shock applied to the tool. 

Figure 11 shows a slightly modified tilt com- 
pensation arrangement 190 wherein suspension 
wires 192 are oriented differently from the embodi- 
ment of Figure 10, but operating in substantially 
the same way. In the embodiment the incident 
beam 194 is split by a beam splitter mirror 36a 
similar to that shown in Figure 9 with the same 
purpose and effect. A downwardly directed plumb 
locator beam 196 passes through a housing open- 
ing 198. The tool housing can be, for example, 
similar to the tool housing 200 shown in Figure 12. 
The apparatus indicated in Figure 9, as modifying 
the tilt compensation device of Figure 3, can also 
be used in a housing such as shown in Figure 12. 
This enables the user to accurately position the 
locator beam 196 over a spot 202 on a floor or 
other surface, with essentially unrestricted visibility. 

In Figure 11 a weighted pendulum 204 sup- 
ports the tilted mirror 36a and is suspended by the 
floor wires 192. A motion stop 206 is included, 
similar to that shown in Figure 10. Damping cups 
208 interact with the pendulum structure 204 to 
damp the swinging motion of the pendulum 204. 
The incident beam 194 may approach the beam 
splitter mirror 36 via a mirror 210 supported from 
the plate 180, as shown. The beam splitter mirror 
36a may. have a transmission of about 5 percent,- 
where the transmitted beam is reflecting off a mir- 
ror 212 below the pendulum. 

Figures 13 and 14 show a further important 
variation of a tilt compensation apparatus 220 in 
accordance with the present invention. This form of 
compensator can be used in the level/plumb in- 
dicator apparatus shown in Figures 1 , 2 and 3. 

The preferred embodiment shown in Figures 
13 and 14 has a frame or base plate 222 secured 
to the instrument's housing, a cantilevered support 
arm 224 extending from the base plate, and a 
flexure wire or rod 226 supported from the support 
arm. As illustrated, the wire or rod 226 passes 
through a bore in the arm 224. It may be secured 
in any of several different ways, such as by a 
tightly fitting collar fitted into the hole, but in this 
preferred embodiment the wire 226 is secured by 
being brazed into a threaded member 228, which is 
then screwed into the hole in the support arm 224, 
which is threaded. A lock nut 230 may be included 
to secure the position of the male threaded mem- 
ber 228, as shown in Figure 1 4. 

The cantilevered arm 224 is adjustable to a 
limited degree in two orthogonal directions, to ac- 
curately calibrate a "zero" position. As shown in 
Figure 13, a first screw 232 may be fitted through a 



slotted hole in a depending leg 234 which is in- 
tegral with the support arm 224. .Drawing the screw 
232 down more tightly, into the baseplate 222, will 
draw the depending leg 234 toward the base plate 
s and will bias the support arm 224 so as to tip the 
rod or wire 226 inwardly toward the baseplate. 
Backing the screw 232 off will have the opposite 
effect. 

A similar adjustment is provided for the op- 
to posite orthogonal direction via a set screw 236 
which bears against the a side edge of the depend- 
ing leg 234. Rotation of the screw 236 will twist the 
leg 234 and the support arm 224 so as. to adust the 
bias of the rod or wire 226 in the direction of 

is movement parallel to the baseplate 222. 

Other forms of calibration of the "zero" position 
of the wire 226 can be substituted for those shown. 

In this embodiment the gravity/tilt responsive 
flexure member, i.e. the wire or rod 226, is prefer- 

20 ably uniform in cross section and thus flexes even- 
ly due to gravity in all directions. A pendulum or 
weighted platform member 238 hangs down from 
the supporting wire or rod 226, similarly to the 
weights or platforms described above with refer- 

25 ence to Figures 2, 3, 4, 5 and 6. The weight or 
pendulum 238 has an appropriately angled facet or 
beveled surface 240 which supports a beam re- 
flecting mirror 242. A laser diode 244 directs a 
laser beam through a focusing lens 246 onto the 

30 mirror 242. As in the above described embodi- 
ments, the mirror 242 moves under the influence of 
gravity on the weight or pendulum 238 to corcect 
for out-of-ievel conditions of the tool, In the plane 
of the focused laser beam 248, which lies in the 

35 plane of the paper in Figure 14, the mirror 242 
makes a two-to-one correction of the outgoing re- 
flected laser beam 248. compared to the degree of 
movement of the mirror in that plane. The stiffness 
of the suspending wire or rod 246 is selected to 

40 coordinate with the two-to-one correction of the 
mirror, so that the rod 226 essentially allows the 
mirror 242 and weight or platform 238 to swing half 
the arc which the weight would have a tendency to 
swing under the influence of gravity. The rod 246 

45 can be calibrated or adjusted in this respect by 
slightly raising or lowering the wire in the support- 
ing connection 228 (changing the length of wire 
available for motion), or by adding to or subtracting 
weight from the weighted platform 238. 

50 As discussed above in connection with other 
embodiments of the tilt compensator, in the or- 
thogonal out-of-plane direction or transverse direc- 
tion, more mirror tilt correction is needed* since the 
laser diode beam approaches the mirror from an 

55 oblique angle. The lower the trajectory of the ap- 
proaching beam 248 toward the mirror, the closer 
the mirror correction of the reflected, beam ap- 
proaches one-to-one. The higher the trajectory of 
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the approaching beam, the closer the correction in 
this transverse plane approaches two-to-one rela- 
tive to mirror movement. 

At a high laser beam angle or trajectory as 
shown in Figure 14, the correction actually effected 
by the mirror 242 might be in the range of about 
1.90:1 to about 1.97:1. Thus, more correction is 
needed in this direction than what is afforded by 
the swingable mirror 242. In the above embodi- 
ments, the approach is generally to make the sus- 
pending flexure element more flexible in the out-of- 
plane or transverse direction than in the within- 
plane direction. 

However, in this embodiment the suspending 
element 226 is a rod or wire of substantially uni- 
form cross section in all directions, and of substan- 
tially uniform flexibility. The lesser mirror-effected 
correction in the transverse direction out of the 
plane of the incident and reflected beams is sup- 
plemented by a concave or negative cylindrical 
lens 250 as illustrated particularly in Rgure 13, 
mounted fixedly on the housing of the tool. The 
cylindrical lens 250 will not affect the orientation of 
the laser beam-248 in the plane of the incident and 
reflected beams, but it will supplement and en- 
hance the correction in the transverse direction. 
Thus, if the weight or pendulum 238 swings to the 
right or away from the baseplate 222 as seen in 
Rgure 13, the reflected beam 248's mirror-induced 
correction will be to tilt the reflected beam toward 
the baseplate 222 but not quite sufficiently to fully 
compensate for the out-of-level condition of the 
tool. The cylindrical negative lens 250 will supple- 
ment this correction, by bending the reflected 
beam 248 further to the left or toward the baseplate 
222 as seen in Rgure 13. 

However, it can be seen from Rgure 14 that 
the correction by the mirror 242 within the plane of 
the incident and reflected beams will not be af- 
fected by the negative or concave lens 250, The 
trajectory of the laser beam 248 in this plane 
remains the same before and after it passes 
through the lens 250. 

The focal length of the cylindrical lens 250 may 
be about 1 .4 meters, in a preferred embodiment of 
the invention, for appropriate correction of the 
beam's angle in the transverse plane. Again, this 
focal length depends on the trajectory angle of the 
incident beam approaching the mirror 242, and the 
degree of shortfall of the correction made by the 
mirror 242 and weight or pendulum 238 in this 
plane. 

As shown in Rgure 14, the movement of the 
pendulum or weight 238 preferably is damped by 
magnets 252 which are fixedly mounted on the tool 
or instrument. The weight or pendulum 238 prefer- 
abty is shaped as a portion of a sphere in this 
preferred embodiment, which allows better mag- 



netic damping. The bottom surface of the spherical 
weight 238 preferably has a curvature with a center 
at the top end 254 of the flexible wire or rod, so 
that the bottom of the pendulum remains essen- 
5 tially the same distance above the magnet in all 
positions. Rve magnets 252 may be used, three of 
which are visible jn Rgure 14. 

Another feature of the preferred embodiment 
shown in Rgures 13 and 14, and which can also be 
ro incorporated in the earlier described embodiments, 
is that the laser diode 234 and positive focusing 
lens 246 are mounted in the tool so as to orient the 
beam directly at the mirror 242, without the need 
for an initial redirecting mirror such as shown for 
re example, at 34 in Rgure 2. 

The concepts of pendulum tilt compensation 
embraced in the embodiments described above 

can also be applied to a liquid-filled vessel within 

which a float is restrained by a downwardly acting 
20 tension member. The float, immersed in the op- 
ticaly clear liquid, would carry the oblique mirror for 
directing the laser diode beam to true vertical (or 
true horizontal). A window or windows adjacent to 
the mirror can isolate the liquid-filled vessel from 
25 the diode and remaining optical components sur- 
rounded by air. 

Terms such as "vertical" and "horizontal" as 
used in the above description should be read only 
in conjuction with the embodiment in the orientation 
30 illustrated, in the claims, the term "true orientation" 
is intended to mean genericaily either truly horizon- 
tal or truly vertical. The tool of the invention can be 
set up so as to primarily generate a truly horizontal, 
rather than a truly vertical beam, with means for 
35 directing to vertical when needed. 

While we have illustrated and described the 
preferred embodiments of our invention, it is to be 
understood that these are capable of variation and 
modification, and we therefore do not wish to be 
40 limited to the precise details set forth, but desire to 
avail ourselves of such changes and alterations as 
fall within the purview of the following claims: 



45 Claims 

1. A device for projecting a plumb line, a level 

line or an alignment line, comprising, 

a housing capable of being placed on a generally 
50 horizontal surface, 

laser diode means for emitting a visible laser 
. beam, mounted within the housing, 

battery means contained within the housing, for 

powering the laser diode means, 
55 optical means for receiving the light from the laser 

diode and delivering a collimated light beam out of 

the housing, generally vertically upwardly, 

compensator means associated with the laser di- 
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ode means and the optical means, for correcting 
for small tilt angles of the housing placed on said 
generally horizontal surface and for assuring that 
the beam from the optical means is oriented sub- 
stantially vertically in spite of such small tilt angles, 
a reference marker means associated with the 
housing, visible to a user when the housing rests 
on said surface, for aligning the vertical light beam 
with a desired position on said surface, and 
reflector means within the housing for redirecting 
said substantially vertical light beam to a substan- 
tially horizontal orientation when desired, including 
manual selector means on the outside of the hous- 
ing for permitting the user to redirect the beam 
horizontally when desired. 

2. The device according to claim 1, wherein the 
housing is less than about ten inches in length. 

3. The device according to claim 2. wherein the 
housing is less than about three inches in height 

4. The device according to claim 1 , wherein the 
light beam emerging from the device is accurate to 
true vertical or true horizontal to within about 1/8 
inch at 30 feet. 

5. The device according to claim 1 , wherein the 
reference marker means comprises a marking on 
the housing near the bottom of the housing, and 
wherein the compensator means has a final reflect- 
ing mirror from which the beam emerges substan- 
tially vertically, and wherein the final reflecting mir- 
ror is less than about one-half inch from the bottom 
of the housing, so that lateral shifting of the posi- 
tion of the vertical beam with respect to the refer- 
ence marking due to tilt of the device is kept to a 
minimum. 

6. The device according to claim 1 , wherein the 
light beam projected from the housing has a power 
in the range of 1/2 to 5 milliwatts. 

7. The device according to claim 1 , wherein the 
compensator means comprises two-axis pendulum 
means supporting a final reflecting mirror in an 
oblique position, the mirror being positioned to 
receive a beam from the laser diode means and to 
reflect the beam vertically upwardly, and the two- 
axis pendulum means including gravity responsive 
means for effecting a first degree of mirror move- 
ment compensation generally within a plane includ- 
ing the beam incident and reflected from said final 
reflecting mirror on the first axis, and for effecting a 
second, different degree of mirror movement com- 
pensation In a generally transverse plane, on the 
second axis. 

8. The dev.ice according to claim 7, wherein 
the two-axis pendulum means comprises a thin 
metal body including a generally horizontal cantile- 
vered plate portion, a first flexure band portion in 
the form of a thin metal band depending vertically 
from the carrtilevered plate, for bending in conjunc- 
tion with the plate in response to gravity In a first- 



axis direction, a second flexure band portion ex- 
tending downwardly from the first flexure band 
portion in the form of a thin metal band oriented at 
right angles to the first flexure band portion, and 

5 bendable in a second-axis direction generally per- 
pendicular to the first-axis direction, and a weight 
portion connected at the bottom of the second 
flexure band portion, with the final reflecting mirror 
being fixed to the weight portion, the two-axis pen- 

io dulum means being so calibrated as to respond 
appropriately to tilt of the housing by the force of 
gravity acting on the weight portion, in each re- 
spective axis direction to correctly compensate for 
the tilt of the housing In that direction and to keep 

is the beam reflected from the final reflecting mirror 
substantially vertical. 

9. The device according to claim -8, further 
including magnetic damping means acting between 
the weight portion and the housing for damping the 

20 two-axis pendulum means from swinging. 

10. The device according to claim 9, wherein 
the magnetic damping means comprises a series 
of permanent magnets fixedly secured with respect 
to the housing, and the weight means comprises a 

26 copper member positioned near the permanent 
magnets. 

11. The device according to claim 7, including 
means for calibrating said first degree of com* 
pensation by adjusting the length of cantilever of 

30 said cantilevered plate. 

12. The device according to claim 1, wherein 
the reference marker means comprises, beam split- 
ter means for directing a locator portion of the light 
beam vertically downwardly, substantially in align- 

35 ment with the beam projecting upwardly, and 
means associated with the housing for enabling a 
user to view the locator portion of the beam as it 
projects onto a surface on which the housing rests. 

13. The device according to claim 12, wherein 
40 the housing has a cantilevered portion at one end 

containing the compensator means, the cantile- 
vered portion being above the bottom of the hous- 
ing and including a beam exit window for the 
locator portion of the beam, so that an open area 
45 exists below the cantilevered portion enabling the 
user to accurately positfon the locator beam on a 
desired point on the horizontal surface on. which 
the housing rests. 

14. The device according to claim 1, wherein 
so the compensator means comprises a generally ver- 
tical flexure rod having a bottom end fixed with 
respect to the housing and having the laser diode 
means mounted at its upper end so as to project 
light upwardly, the flexure rod being bendable in 

55 response to tilt of the housing so as to laterally 
shift the position of the laser diode in response to 
such tilt, and a positive lens above the. laser diode 
and fixed in position with respect to the housing. 
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the lens being of proper focal length to collimate 
the laser light, whereby lateral shifting of the diode 
will shift the source of the light due to tilt, and the 
lens will reverse the direction of shift so that the 
collimated beam emerging from the lens remains s 
substantially vertical in spite of tilt of the housing. 

15. The device according to claim 1, wherein 
the compensator means comprises a first convex 
lens mounted on generally vertical flexure support 
legs above the laser diode which is fixed relative to ic 
the housing so as to project light upwardly, the 
flexure support legs being bendable so as to lat- 
erally shift the position of the first lens with tilt of 

the housing, so that the light from the diode is 
converged by the first lens and angularly tilted in is 
the direction of tilt of the support legs, and further 
including a second convex lens positioned above 
the first lens and fixed with respect to the housing, 
the focal lengths and separation between the two 
lenses being such as to produce a collimated 20 
beam emerging substantially vertically upwardly 
from the second lens. 

16. The device according to claim 1, wherein 
the compensator means comprises a generally ver- 
tical flexure rod or wire suspended from its upper 25 
end within the housing, and a gravity-responsive 
weighted pendulum connected at the lower end of 

the flexure rod, the pendulum supporting a final 
reflecting mirror in an oblique position, the mirror 
being positioned to receive a beam obliquely from 30 
the laser diode means and to reflect the beam 
generally vertically upwardly, and further including 
negative cylindrical lens means in the path of the 
beam reflected from the mirror, for increasing the 
tilt at the reflected beam relative to the housing in a 35 
plane at right angles to a plane in which the beams 
incident to and reflected from the mirror lie, in- 
creasing the correction in said plane at right angles 
and effecting substantially true orientation of the 
beam exiting the cylindrical lens means. 40 

17. The device according to claim 16, wherein 
the weighted pendulum is shaped generally as a 
portion of a sphere with an arcuate surface down- 
ward, and including pendulum motion damping 
magnets fixed in the housing just below the arcuate 45 
surface of the pendulum and generally equally 
spaced from said arcuate surface. 

18. The device according to claim 1, wherein 
the compensator means comprises pendulum 
means supporting a final reflecting mirror in an so 
oblique position such as to receive a beam from 

the laser diode means and to reflect the beam 
generally vertically upwardly, and the pendulum 
means including gravity-responsive means for ef- 
fecting tilt of the mirror tending to correct the 55 
reflected beam when the housing is out of level but 
not fully compensating for housing tilt in a plane 
perpendicular to a plane containing the beams in- 



cident to and reflected from the mirror, and further 
including negative cylindrical lens means in the 
path of the beam reflected from the mirror, for 
increasing the tilt of the reflected beam relative to 
the housing in said perpendicular plane, Increasing 
the tilt compensation in said perpendicular piane to 
supplement the tilt correction afforded by the pen- 
dulum means and achieving substantially true ori- 
entation of the beam exiting the cylindrical lens 
means. 

19. The device according to claim 18, wherein 
the pendulum means and gravity-responsive 
means include a weighted pendulum supporting 
the final reflecting mirror and a flexure rod support- 
ing the weighted pendulum, the flexure rod being 
substantially uniform in cross section such that it 
deflects the position of the pendulum substantially 
equally in all directions. 

20. A portable tool for leveling, alignment and 
plumbing operations, comprising, 

a housing generally the size of a small carpenter's 
level, less than about ten inches in length and 
under about three inches in height, 
a battery compartment for battery cells to be con- 
tained within the tool housing, 
a visible light laser diode mounted within the hous- 
ing and operably connected to be powered by the 
battery cells, 

tilt compensator means mounted within the hous- 
ing, for receiving the light from the laser diode and 
for projecting a light -beam in substantially true 
orientation, in spite of tilt of the housing up to about 
five degrees away from level in any direction, 
a first exit window in the housing for exit of a 
vertical beam out of the housing for vertical align- 
ment and plumbing operations, 
a second beam exit window for a horizontal beam 
to be projected out of the housing, for horfzontaf 
alignment and leveling operations, 
manually selectable means for redirecting the 
beam within the tool from substantially true orienta- 
tion in one direction (vertical or horizontal) to sub- 
stantially true orientation at right angles, depending 
on whether a horizontal beam or a vertical beam is 
desired, 

shock absorbing means associated with the tilt 
compensator means, for absorbing a substantial 
impact of housing against other objects without 
damage to the tilt compensator means, and 
reference marker means adjacent to the bottom of 
the housing, for visual alignment of the tool with a 
location with which the projected beam is to be 
aligned. 
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